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A 45-year-old woman was involved in a high-speed
rear-endmotor vehicle collision andwas transported
by ambulance to our level I trauma centre. She
arrived to the emergency department with a heart
rate of 116 beats per minute, and a systolic blood
pressure of 70 mm Hg without jugular venous
distention. Her initial Glasgow Coma Scale was 11.
She was intubated in the emergency department.
She had bilateral breath sounds, and weak but palp-
able femoral pulses. Her hypotension responded
appropriately to initial resuscitation with 4 l of crys-
talloid and two units of packed red blood cells
(PRBC). Initial chest X-ray demonstrated a widened
mediastinum. Subsequent radiographs revealed a
question of a left pneumothorax for which a tube
thoracostomy was performed. Initial focused assess-
ment by ultrasound for trauma (FAST) examination
demonstrated no free intraperitoneal fluid; however,
a followupultrasound showed a small amount of fluid
in Morison’s pouch. There was no evidence of peri-
cardial effusion. The patient’s haemodynamic status
normalized and she was transported for computed
tomography (CT). Her chest CTwas remarkable for a* Corresponding author. Tel.: +1 714 456 5532;
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aorta with pericardial blood (Fig. 1B and C) and
multiple rib fractures. Abdominal CT also demon-
strated a small amount of free fluidwithout evidence
of solid organ injury (Fig. 1B). During CT imaging the
patient developed recurrent hypotension despite
ongoing aggressive resuscitation. This finding
together with the CT observation prompted us to
take the patient to the operating room intending
to perform a pericardial window as the small amount
of free fluid observed by CT-abdomen did not explain
the degree of hypotension. A pericardial windowwas
performed and demonstrated the presence of gross
blood. Thus, a median sternotomy was immediately
undertaken. This revealed a 3 cm laceration of
the intrapericardial IVC at its junction with the right
atrium. This injury was primarily repaired using
4-0 non-absorbable monofilament sutures with
pledgets. Because of the intrapericardial injury
identified and the small amount of fluid in detected
by CT-abdomen. An exploratory laparotomy was per-
formed to exclude an intrahepactic IVC injury. This
demonstrated a linear tear in the liver along the
falciform ligament. This injury was managed by a
combination of electrocautery and application
of topical haemostatic agents. No other intra-
abdominal injuries were noted. Postoperative aortic
angiography revealed no evidence of thoracic aortic
injury. Her post-operative course was notable for
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Figure 1 Radiographic testing obtained during initial management. Chest X-ray demonstrates a widened mediastinum
(A). Computed tomography (CT) of the chest demonstrates pericardial fluid (B) and a questionable aortic arch injury (C).
CT of the abdomen showed free fluid above the diaphragm (D).ventilator-associated pneumonia requiring anti-
biotics. She ultimately experienced full recovery
and was discharged to home on post-operative day
number 37.Discussion
Although the inferior vena cava is protected by its
central location, it is vulnerable to both penetrating
and blunt trauma. As many as 40% of abdominal
vascular injuries involve the IVC4,5,8,11,20 with a
reported mortality of 21—61%.3,9,10,12 The IVC is
anatomically divided into five sections: infrarenal,
perirenal, suprarenal, retrohepatic and intraperi-
cardial, each of which has implications for exposure,
management, and outcome. There appears to be a
relationship between the site of injury andmortality
rate, with progressively worse outcome correlating
with proximity of the injury to the heart.18 For
instance, injuries of the infrarenal IVC carry a 33%
mortality risk while injuries of the intrapericardial
IVC have a 50—100% mortality rate.18
The intrapericardial portion of the IVC is only a
few centimetres in length, which probably accounts
for the rarity of this injury. Penetrating injuries can
affect any segment of the IVC. However, the intra-pericardial and retrohepatic segments of the IVC are
most vulnerable to blunt trauma.2 Lacerations of
the intrapericardial IVC from blunt trauma are likely
the result from the fixation of the IVC to the dia-
phragm and anterior displacement of the heart from
rapid decelerating forces. Intrapericardial IVC
lacerations may conceivably occur from downward
displacement of the liver with fixation of the IVC to
the diaphragm, which is presumably the same
mechanism that produces retrohepatic IVC injuries.
The pericardial encasement of the intrapericar-
dial IVC may result in immediate cardiac tamponade
if sufficient haemorrhage is caused by the injury.
However, a small laceration accompanied by hypo-
tension may allow soft clot formation at the injured
site, which may prevent cardiac tamponade.
In this report, we present a patient who probably
formed a soft clot at her inferior vena cava lacera-
tion; therefore, no fluid was visualized during the
initial FAST examination. This injury became clini-
cally apparent following resuscitation resulting in
intravascular expansion, soft clot dislodgment, and
fluid accumulation in the pericardial cavity. These
changes were followed by hypotension and impend-
ing cardiac tamponade.
We suspect that the majority of patients with
intrapericardial IVC injuries die in the field from
Blunt trauma to the intrapericardial inferior vena cava 339
Table 1 Review of the literature of intrapericardial IVC injuries
Study n Mortality (%) Mechanism
Pachter et al.16 10 50 —
Omert et al.15 6 83 —
Rosengart et al.18 3 100 —
Tochii et al.19 2 100 52 yo M MVA 35 yo M jumped from building
Van de Wal20 2 50 Both patients restrained MVA
Case reports
Present report 1 0 45 yo W restrained MVA
Ninomiya et al.13 1 0 63 yo M stroked by steel frame
Clements et al.4 1 0 17 yo M unrestrained MVA
Beer et al.1 1 0 30 yo M MVA
Fey et al.6 1 0 43 yo M MVA
Frezza et al.7 1 0 20 yo W restrained MVA
Picard et al.17 1 0 30 yo M penetrating trauma
High mortality is uniformly observed.exsanguination or cardiac tamponade. Survivors
likely experience a period of haemostasis at the site
of injury.
The present case is similar to previously reported
patients where successful management of this
injury has been described (Table 1). A review of
the literature yielded very few case series with a
mortality ranging from 50 to 100% (Table 1). As in the
current presentation, the literature documents a
few case reports with successful outcomes. Death
from this injury is unlikely to be reported. Thus,
mortality from this injury seems to be well above
50%, as reported in the small case series rather than
isolated case reports.
There are several techniques described for the
repair of IVC injuries. Appropriate management is
dependent on the segment of the cava injured. The
retrohepatic segment of the IVC seems to present the
greatest technical challenge due to its difficult expo-
sure. Packing, hepatic vascular isolation, atrio-caval
shunting, active shunting, and cardiopulmonary
bypass have all been described.2,3,5,12,14,17,18 Manage-
ment of injury to the intrapericardial inferior vena
cava, however, represents a particular challenge.
Median sternotomy must be performed to obtain
appropriate exposure. A case with complete avulsion
of the intrapericardial IVC was successfully managed
with an atrio-caval bypass.7 Atrial caval active shunt
placement with inferior cannula insertion beyond the
inferior vena cava was utilized in a case where more
than50%of the vesselwas lacerated.17Reconstruction
of the intrapericardial IVC under cardio-pulmonary
bypass was successfully performed by Ninomiya
et al.13 However, as most cases who are able to reach
the hospital alive have only partial laceration of the
intrapericardial IVC, primary closure of the laceration
with non-absorbable sutures, as described in the pre-
sent case, should result in satisfactory haemostasis.Intrapericardial IVC injuries remain a surgical
challenge. Resuscitation resulting in deterioration
of a patient sustaining decelerating injuries should
prompt suspicion for this injury. A high index of
suspicion with targeted diagnostic studies (i.e. a
negative fast scan with recurrent hypotension in
spite of ongoing fluid resuscitations) should guide
immediate surgical intervention, which is critical to
the successful management of intrapericardial IVC
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